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Karolinska Innovation AB 

An ftgcpf w^rt mm vint? wfggtign^ 

The present invention relates to use of substances that can induce expression of anti- 
gens associated with impaired cellular peptide processing, especially MHC class 1 
dependent antigens for preparation of pharmaceuticals, pharmaceutical compositions 
or vaccines, that stimulate specific T cell mediated immune responses against cancer 
and virus infected cells. It also relates to mammalian cells that have been manipu- 
lated to express antigens associated with impaired cellular peptide processing, espe- 
cially MKC class I dependent antigens and to lymphoid cells activated against such 
MHC class 1 dependent structures for the same purpose. Furthermore, processes for 
such manipulation of mammalian cells and kits for use in such manipulations are 
covered. According to the present invention, the ultimate purpose of the products or 
processes above is the treatment of cancers and virus infections. 

Background of the invention 

The immune system recognizes material foreign to the body (so called antigen) and 
eliminates this material. An important part of the immune system is composed of 
CD8* cytotoxic T cells or T-Iymphocytes (CTL), which recognize foreign and sick 
cells, e.g. in virus infections or transplantation, and kill them. T cells recognize anti- 
gen via a T cell receptor on the surfaces thereof. The T cell receptor recognizes a 
cell surface molecule MHC (major histocompatibility complex) (HLA (human leu- 
cocyte antigen) in human beings), to which a peptide is attached. MHC class I mole- 
cules are expressed on all nucleated cells, they preferentially present endogenous 
cellular peptides. MHC class II molecules are preferentially expressed on profes- 
sional antigen presenting cells and preferentially present peptides from extracellular 
antigens. A recognition structure for T-cells can also be called epitope. 
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The production and display of MHC class 1 complexes occurs through a peptide 
processing machinery within cells, whether these are normal, virus infected or trans- 
formed to cancer cells. Cells use proteasomes to degrade cytoplasmic proteins into 
short peptides (1). Some of these peptides are transported from the nucleus or cyto- 
plasm to the endoplasmic reticulum (ER) or to the Golgi apparatus by the transporter 
associated with antigen processing (TAP) molecule. Once inside the ER or Golgi 
apparatus, the peptides bind to the MHC class I protein to form a trimolecular com- 
plex. This complex is then transported to the cell surface, where it can be recognized 
by T lymphocyte receptors. Receptors on the surface of a particular type of T lym- 
phocytes, known as CD8* T lymphocytes, specifically recognize the MHC class I 
complexes that are formed by the combination of MHC class I proteins and peptides 
derived from a particular protein, and induce the CDS* lymphocytes to kill the cells 
that bear those complexes. If the protein in question is of viral origin, the T- 
lymphocytes will thus be specific for cells infected with the relevant virus. In a viral 
infection many of the MHC molecules of the cell are filled with virus peptides in- 
stead of peptides from normal cellular proteins. 

The peptides are transported into the ER by an intracellular molecular complex 
called TAP (2). In the absence of a functional TAP-complex, most MHC class I 
molecules are retained in the ER, and only a small fraction is transported to the cell 
surface (3-6). This has been studied in cell lines with defects in the TAP genes. The 
MHC class 1 molecules of such cells are often referred to as "empty" or "peptide 
receptive"; they are unstable at physiological temperature but canj)c stabilized by 
culture at low temperature or addition of exogenous MHC class I binding peptides 
(7-9). 

TAP is considered crucial for MHC class I restricted CTL responses, because TAP- 
deficient cells are inefficiently recognized by conventional MHC class I restricted 
CTL specific for viral-, minor histocompatibility- or tumour antigens (7, 10. 1 1). In 
contrast, TAP-deficicnt celts can be recognized by some allo-MHC class I specific 
CTL (10, 12, 13). It is unclear whether such allo-specific CTL recognize MHC class 
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I molecules per se v or MHC class I molecules loaded with TAP-independent pep- 
tides. The latter may include peptide species derived from signal sequences (14, 15), 
or peptides imported to the ER by other TAP-indep?ndent mechanisms. 

Tumours are composed of cells, which have lost growth control, i.e. they grow with- 
out restraint and can invade normal tissue. Tumours can arise in all types of organs. 
Many research groups make attempts today to induce T cells to recognize and kill 
tumour cells. The strategy is to find proteins that are unique for the tumour and pep- 
tides from these proteins that can attach to different MHC molecules. Such peptides 
are then used as components in vaccines ihzl should stimulate the immune response 
to the tumour. One problem is that different tumours contain different proteins, and 
that MHC molecules and thereby the peptides that attach to the MHC molecules, 
vary between individuals, as well as between tumours. Another problem is that many 
tumours have lost parts of the antigen processing mechanism, e.g. TAP, and, there- 
fore, they are not discovered by conventional T cells. They lack antigenicity, and can 
escape from the immune response (16-19). 

TAP-function is thus considered essential for antigenicity, and it has previously been 
suggested that inhibition of TAP-function in cells should reduce or abrogate T cell 
responses to the antigens expressed by the cells. This could be induced to prevent 
autoimmunity. For example, WO 95/15384 describes a TAP inhibitor, a protein 
ICP47 isolated from Herpes Simplex virus (HSV), and use thereof to inhibit presen- 
tation of viral and cellular antigens associated with MHC class I proteins to CD8T 
lymphocytes. The present invention is based on a completely opposite concept, 
namely that prevention of cellular peptide processing leads to increased rather than 
decteased antigenicity of cells. It has been shown that prevention of TAP-function 
leads to recognition of novel MHC class I dependent antigens which can be recog- 
nized by host T-cells. Induction of such T-cells can prevent cancer growth. 
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Summary of the invention 

The following observations show that substances inducing formation of antigens 
associated with unpaired cellular peptide processing, especially specific MHC class 1 
dependent antigens, such as inhibitors of TAP or of proteasome, can be used as 
agents for immunization against cancer or as a vims vaccine. 

One of the key observations underlying this application is that T-cells could be acti- 
vated against antigens associated with impaired TAP-function. A TAP-deficicnt tu- 
mour cell from mouse (RMA-S) has previously been produced. This cell line is in- 
efficient in activating responses from cytotoxic T-lymphocytes (example l» fig 1 A 
and B). After transfection with a stimulatory molecule B7-1 this TAP deficient tu- 
mour cell line (RMA-S.B7-1) could activate T cells to a high degree. These T cells 
recognize a structure independent of TAP, and, therefore, TAP-deficient tumour 
cells could be killed to a high degree (80% in vitro). The inventor has found that 
TAP-deficient non-transformed normal and tumour cells were capable of inducing a 
potent CTL response directed against MHC class I dependent epitopes expressed 
preferentially, if not exclusively, by TAP-deficient cells. B6 mice immunized with 
irradiated, B7-1 transfected TAP-deficient tumour cells, were protected from out- 
growth of a subsequent transplant of TAP-deficient tumour cells, indicating that 
these novel epitopes may serve as tumour rejection antigens in vivo. 

A human TAP-deficient tumour cell is also killed by these T cells from mice. 

Surprisingly, several TAP-expressing murine tumour cells are also killed by CD8' 
cells elicited by TAP-deficient cells (5/5 tested, 4 lymphomas and I mastocytoma). 
The only normal cell type (proliferating T cells, so called Con A blasts) lested from 
the same mouse are not killed. It was shown that the CTL recognized epitopes inde- 
pendent of TAP-function on tumours that still have TAP-cxpression, i.e. they can 
have a relative but not complete impairment of TAP-function. 
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The inventor demonstrates that the antigens associated with impaired TAP-function 
can be a shared tumour antigen, which is located on several tumour cell types and 
hence can be used for tumour immunotherapy. 

Dct^iltfd description 0 f fry jnvgntipn 

One object of the present invention is the use of substances that impair cellular pep- 
tide processing, such as inhibitors of TAP or of proteasome for preparation of a 
pharmaceutical agent or vaccine that can stop or prevent cancer growth or virus in- 
fection by stimulating specific T-cells directed against MHC class 1 dependent anti- 
gens associated with impaired cellular processing. Another object of the present in- 
vention is the use of substances that impair cellular peptide processing, such as in- 
hibitors of TAP or of proteasome, for preparation of a pharmaceutical agent or vac- 
cine that can stop or prevent cancer growth or vims infection by stimulating immu- 
nological effectors, especially CDS* cells, preferably cytotoxic cells, directed against 
antigens associated with impaired cellular peptide processing, especially MHC class 
1 dependent antigens. The invention also relates to the use of mixtures of such sub- 
stances. 

It can be tested that immunological effector cells are being formed against cancer or 
virus by culturing cells expressing antigens from cancers or viruses alone in the 
presence of isolated blood fractions, such as lymphocyte fraction, e.g. as is done in 
(II). That a-*ubstance induces expression of MHC class I dependent antigens asso- 
ciated with impaired cellular peptide expression may be determined by using anti- 
bodies against MHC class I. The MHC class 1 complexes are preferably human 
complex HLA a, b, or c. Antibodies to measure MHC class I expression can e.g. be 
obtained from PharMingen (San Diego, California). Measurement is according to 
standard techniques e.g. a FACS scan analyser. 

The invention relates to all means of formation of epitopes/structures or antigens 
associated with impaired peptide processing, especially antigens associated v\ith im- 
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paired TAP-function, The invention covers all substances that induce expression of 
MHC class 1 dependent antigens associated with impaired cellular peptide process- 
ing. The substances according to the invention may therefore be any substance diat 
inhibits the function or the expression of components that take part in the peptide 
processing of the cell or inhibits an active subfragment of such a substance. More 
specifically, the invention relates to the use of such substances in eliciting immune 
responses. 

Examples of components that take part in the peptide processing of the cell are e.g. 
components involved in the translocation of peptides over the ER-membrane such as 
TAP. Also, substances participating in the cytosolic processing of endogenous pro- 
teins such as proteasome are encompassed. 

The substance may be a substance that inhibits the function of TAP such as certain 
viral proteins e.g. TAP-inhibitors e.g. ICP47 of HSV type 1, IE 12 of HSV type 2. 

The substance may also be one that inhibits the function of proteasome such as pro- 
teasome inhibitors such as the peptide aldehyde Z-Leu-Leu-Leu-H (Peptide Interna- 
tionals Inc., Louisville, KY). 

Moreover, the substance may be a gene encoding an inhibitor of a substance, hat 
takes part in the peptide processing of the cell e .g. an inhibitor of TAP or protea- 
some. _ 

The substance may also be one that stops the expression of a substance, that takes 
part in the peptide processing of the cell e.g. TAP or proteasome, such as a nucleo- 
tide sequence that is complementary at least in part to the RNA or ONA sequences 
encoding a substance, that takes part in the peptide processing of the cell. e.g. an- 
tisense oligonucleotides or hbozyme destroying RNA. 
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Anti-sense polynucleotide sequences or analogues thereof can be used to prevent the 
expression of proteins in vivo or in vitro. If one adds to a cell a large number of 
strands of a nucleotide sequence that is complementary to the messenger RNA that is 
transcribed to produce a particular protein, these "anti-sense" strands will hybridize 
to the mRNA and limit or prevent its translation. This method could be used to limit 
or prevent the expression of e.g. TAP and/or proteasome. Also, antisense oligonu- 
cleotides that hybridize to DNA could be used (20, 21). Thus it is possible to treat 
cells with antisense TAP (22). Antisense RNA that hybridizes to jiRN A cu\ be 
provided either by adding RNA to cells or introducing gene sequence transcribing 
antisense RNA (23). Ribozymes that combine enzymatic processes with the speci- 
ficity of antisense base pairing may also be used (24). These techniques are dis- 
cussed in (25). 

TAP inhibitors may be produced according to WO 95/15384. 

One purpose of the invention is to stimulate cells in a patient suffering from cancer 
or certain viruses to express antigens associated with impaired cellular peptide proc- 
essing, especially MHC class I dependent antigens. The virus may be one that im- 
pairs peptide processing, e.g. the TAP-function such as Herpes Simplex. This could 
be dope in vitro or in vivo. 

When done in vivo the patient is given substances that impair cellular peptide proc- 
essing. Thus, compositions containing such a substance e.g. inhibitors of TAP or 
proteasome may be given. The patient can be vaccinated with e.g. ribozyme, an- 
tisense RNA, antisense DNA and/or antisense oligonucleotides against the expres- 
sion of a substance that takes part in cellular peptide processing or a gene encoding 
an inhibitor of such a substance i.e. a gene encoding a substance that impairs cellular 
peptide processing. 

DNA can be introduced directly in the cells of a living host by so called DN A im- 
munization. This involves many different techniques e.g. intramuscular injection. 
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intradermal injection (particle bombardment where cells in the epidermis are tram- 
fee ted with DN A-coatcd gold beads) or delivered by various vectors such as recom- 
binant Shigella. Many other techniques are developed in different laboratories 
Also RNA and oligonucleotides may be given in this way (26, 27). 

Another object of the invention are cells, that have been treated to express antigens 
associated with impaired cellular peptide processing, especially MHC class 1 de- 
pendent antigens, to be used for preparing a pharmaceutical or vaccine against can- 
cer or virus infections. 

These cells may be non-mammalian cells with impaired peptide processing e.g. cells 
that lack TAP and/or proteasome function and to which human MHC class I mole- 
cules have been transfected e.g. insect cells (28). 

The invention preferably relates to mammalian cells and especially to autologous 
mammalian cells that have been treated to express MHC-ciass I dependent antigens 
associated with impaired cellular peptide processing. 

The cells may be chosen from hematopoetic or dendritic cells. Autologous cells are 
especially preferred. 

When cancers arc to be treated the cells can also be autologous cells, especially 
healthy cells from the affected tissue/organ. 

These cells, that express MHC class I dependent antigens associated will) impaired 
peptide processing, will then be injected into a patient in order to stimulate T cells to 
react on these antigens. 

Another object of the invention is a process for induction of antigens associated with 
impaired cellular peptide processing, especially MHC class I dependent aniens in 
mammalian cells, characterized in that: 
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a) the cells are treated with agents that inhibit substances that take place in the cellu- 
lar peptide processing in mammalian cells e.g. TAP-inhibiting or proteasome inhibit- 
ing agents or 

b) a sequence that codes for such an inhibiting agent is introduced into the DN A of 
the cell or 

c) a nucleotide sequence that is complementary at least in part to the mRNA or DNA 
sequences encoding a substance that takes place in the cellular peptide processing in 
mammalian cells e.g. TAP or proteasome is introduced into the DNA of the cell or 

d) the cells are treated with an appropriate ribozyme and 

e) when non-mammalian cells are used, transfection thereof with human Ml IC class 
I molecules and 

0 the cells may be irradiated with an appropriate dose with e.g. Y-irradiation from 



In order to make target cells to express a foreign gene product the DNA has to be 
incorporated in the target cells. Plasmid DNA can be incorporated in the target cells 
by transfection, e.g. by electroporation, lipofection, calcium precipitation or particle 
resolution. Vehicles may be needed such as liposomes e.g. DOTAP (Boehrtnger 
Manheim). 

Another possibility to incorporate the foreign DNA in the target cells is the use of 
retroviruses, where the DNA is enveloped in a protein. In the case of retroviruses the 
DNA will be stably incorporated in the genome with proliferating cells, (29) 

Mammalian cells may be cultured in a medium suitable for eucaryotic cells e.g. 
RPMI 1640 containing bovine serum albumin. 

Dendritic cells can be sorted from the peripheral blood by e.g. immunomagnettc 
sorting to molecules such as CD34 or CD 14. Magnetic beads can be obtained from 
Dynal. They are grown in vitro in suitable medium, e.g. IMDM (Life Technologies. 
Inc., Grand Island, NY) with appropriate supplements (30) and various adjuvants to 
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improve development and immunogenicity. Examples of adjuvants are cytokines 
such as Granulocyte-Macrophage colony stimulating factor (GM-CSF), 1L-4, Tu- 
mour Necrosis Factor alfa (TNF*alfa) t stem cell factor (SCF) or Transforming 
Growth Factor * beta (TGF-beta), antibodies to MHC Class II or CD40 (which en- 
hance B7 expression) or genes for costimulatory molecules. 

Cells, that have been treated to express antigens associated with impaired cellular 
peptide processing, especially MHC class I dependent antigens, e.g. with TAP or 
proteasome inhibitors may be used for activation in vivo or in vitro of T cells against 
MHC class I dependent antigens associated with impaired cellular processing The in 
vivo procedure is described above. The in vitro procedure could be e.g. as follows: 

a) cells are treated to express MHC-class I dependent antigens associated with im- 
paired cellular peptide processing as described above 

b) T cells are isolated and stimulated in vitro with the cells obtained in step a and 

c) activated T celts are given to the patient. 

Stimulation of T-cell* in vitro with dendritic cells is done according to current stan- 
dard procedures, e.g. T-cells are sorted out from peripheral blood and cultured in the 
presence of dendritic cells in appropriate media and appropriate additives e.g. Ml-M 
media and IL-2 (30,31). 

According to one aspect of the invention lymphoid cells such cs T-cells e.g. TCL, 
preferably CDS* T lymphocytes, activated against antigens associated with impaired 
cellular peptide processing, especially MHC class I dependent antigens, are used for 
preparing a pharmaceutical or vaccine against cancer or virus infections. 

Optimal conditions for human T cells and dendritic cells are e.g. as in (30, 3 1 ). T 
cell activation can be enhanced by treating the cells with cytokines, e.g. GM-CSF or 
antibodies to e.g. CD40 or MHC class H, which enhance B7 expression. Cytokines 
and antibodies can be obtained from ImmunoKontakt, Switzerland. 
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These cells can be tested, e.g. with T-cell clones directed against TAP-inhibited 
cells. Inhibition of TAP-function can be measured by peptide transporter assays, e.g. 
as in (32). 

The invention also relates to a kit, for use in a process for induction of antigens as* 
sociated with impaired cellular peptide processing, especially MHC class I depend- 
em antigens in cells, characterized in that it comprises an active dose of a substance 
that stimulates formation of MHC peptide complex such as an inhibitor of TAP or of 
proteasome or a nucleotide sequence that is at least in part complementary to the 
mRNA or DNA sequences encoding proteasome or TAP. 

The kit may further comprise cytokines and genes for costimulatory molecules. 

The invention also concerns a pharmaceutical composition or a vaccine comprising a 
pharmaceutical^ effective dose of a substance that induces antigens associated with 
impaired cellular peptide processing, especially MHC class I dependent antigens 
such as an inhibitor of TAP or of proteasome or a gene encoding a proteasome or a 
TAP inhibitor or a nucleotide sequence that is complementary at least in part to the 
mRNA or DNA sequences encoding proteasome or TAP e.g. antisense nucleotides 
or ribozymc together with a pharmaceutical^ acceptable adjuvant. 

Pharmaceutical compositions of the present invention contain a physiologically ac- 
ceptable carrier together with at least one substance that impairs cellular peptide 
processing as described herein, dissolved or dispersed therein as an active ingredient. 

As used herein, the term "pharmaceutical^ acceptable" represents that the materials 
are capable of administration to or upon a human without the production of undesir- 
able physiological effects such as nausea, dizziness, gastric upset and the like. 
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The preparation of a pharmacological composition that contains active ingredients 
dissolved or dispersed therein is well understood in the art. Typically such composi- 
tions are prepared as sterile injectables either as liquid solutions or suspensions, 
aqueous or nonaqueous, however, solid forms suitable for solution, or suspensions, 
in liquid prior to use can also be prepared. The preparation can also be emulsified. 

The active ingredient can be mixed with excipients which are pharmaceutical I y ac- 
ceptable and compatible with the active ingredient and in amounts suitable for use in 
the therapeutic methods described herein. Suitable excipients are, for example, wa- 
ter, saline, dextrose, glycerol, ethanol or the like and combinations thereof. In addi- 
tion, if desired, the composition can contain minor amounts of auxiliary substances 
such as wetting or emulsifying agents, pH buffering agents and the like which en- 
hance the effectiveness of the active ingredient. 

The pharmaceutical composition of the present invention can include pharmaceuti- 
cal!;/ acceptable salts of the components therein. Pharmaceutical^ acceptable salts 
include the acid addition salts that are formed with inorganic acids such as, for ex* 
ample, hydrochloric or phosphoric acids, or such organic acids as acetic, tartaric, 
mandelic; inorganic bases such as, for example, sodium, potassium, ammonium, 
calcium or feme hydroxides, and such organic bases as isopropylamine, trimethyl- 
amine, 2-eifiytanunoeihanol, histidine, procaine and the like. 

Physiologically tolerable caniers are w_ell known in the art. Exemplary of liquid 
carriers arc sterile aqueous solutions that contain no materials in addition to the ac- 
tive ingredients and water, or contain a buffer such as sodium phosphate at physio- 
logical pH value, physiological saline or both, such as phosphate-buffered saline. 
Still further, aqueous carriers can contain more than one buffer salt, as well as salts 
such us sodium and potassium chlorides, dextrose, propylene glycol, polyethylene 
glycol and other solutes. 
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Liquid compositions can also contain liquid phases in addition to and to the exclu- 
sion of water. Exemplary of such additional liquid phases are glycerine, vegetable 
oils such as cottonseed oil, organic esters such as ethyl oleate, and water-oil emul- 
sions. 

All technical and scientific terms used herein are, unless otherwise defined, intended 
to have the same meaning as commonly understood by one of ordinary skill in the 
art* Techniques employed herein are those that are known to one of ordinary skill in 
the art unless stated otherwise. Publications mentioned herein are incorporated by 
reference. 

The following observations show that substances inducing formation of specific 
MHC class I dependent antigens, such as inhibitors of TAP or of proteasome, can be 
used as agents for immunization against cancer or as a virus vaccine. 

Summary of the observations: 

- CD8* T-cells can be activated against epitopes recognized preferentially, if not ex- 
clusively, expressed by TAP-deficient cells. This is shown by immunizing 136 mice 
with syngenic TAP-deficient tumour transformed cells (TAP-deficient RMA-S tu- 
mour cells transfected with the costimulatory molecule B7-I. The cells are desig- 
nated RMA-S.B7-I) and non-transformed spleen cells from TAP1 */• mice (both 
alleles or the TAP gene knocked out) and testing the elicited CTL on different TAP- 
deficient and. J A P-ex pressing target cells (Examples 1*3). 

- The recognition of epitopes is dependent of MHC class 1 expression. This is shown 
by testing elicited CTL on cells expressing different combinations of MHC class I 
defects (Example 2). 

* The epitopes are recognized on TAP-deficient murine tumour transformed and 
non -transformed cells as well as on a TAP-deficient human tumour transformed cell 
line (Examples 2-3). 

• Surprisingly, syngenic TAP-deficient cells, both RMA-S.B7-1 tumour cells as well 
as spleen cells and dendritic cells from TAP I -/• mice, elicit T cells that recognize 
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several different syngenic TAP-expressing murine tumour cells while syngenic 
nontumour transformed cells are not killed (Examples 6-8). 
• The epitopes recognized on TAP-expressing tumour cells are epitopes independent 
of TAP-function (Example 5). 

- Immunization with syngenic TAP-deficient cells can protect against tumour growth 
in vivo of both TAP-deficient and TAP-expressing tumour cells (Examples 4, 9). 

In conclusion, the inventor demonstrates that the antigens associated with impaired 
TAP-function can be a shared tumour antigen, which is located on several tumour 
cell types and hence can be used for tumour immunotherapy. 

In the TAP I-/- mice used in the experiments the TAP1 gene has been deleted by ge- 
netic manipulation, i.e. complete TAP-inhibition. From the data presented it is easy 
to predict that CTL will be elicited in a human host with autologous or MHC 
matched cells treated with various TAP-inhibitors. According to the data presented 
these CTL may be used in immunotherapy of both TAP-deficient and TAP- 
expressing tumours. From the literature it is known that several viruses can inhibit 
antigen presentation and hence escape conventional CTL recognition. For example, 
Herpes Simplex inhibits TAP-function (33, 34). Therefore CTL elicited by TAP- 
inhibited cells may also be used as a therapeutical agent in viral infections where 
TAP-function is inhibited as above. The presentation of MHC class I molecules and 
TAP-dependent peptides at the cell surface is a complex process depending on many 
factors, of which translocation of peptides over the ER-mcmbrane_by TAP- 
molecules is one. Another crucial step is cytosolic processing of endogenous pro- 
teins by the proteasome. Cells that lack components of the proteasoine have a similar 
phenotype to TAP-deficient cells, i.e. deficient generation of antigenic peptide. Pro- 
teasome inhibitors block MHC class I restricted antigen presentation and assembly 
of MHC class I molecules, the assembly can be reconstituted by exogenously added 
peptides (1, 35-37). It is likely that the epitopes associated with impaired TAP- 
function will be exposed also upon inhibition of the proteasome and could with a 
more general term be named MHC class 1 dependent epitopes associated with im- 
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paired peptide processing. Therefore the invention also relates to the elicitation of T 
cells with proteasome inhibitors. It is also easy to envisage that other yet undefined 
factors are necessary for formation of the MHC/TAP-dependent-peptide complex 
and that inhibition of those factors will result in a similar phenotype exposing epi- 
topes associated with impaired TAP-function. 

This underlying discovery reveals the existence of MHC class 1 restricted CTL epi- 
topes that are recognized preferentially, if not exclusively, in the absence of a func- 
tional TAP complex. B6 mice immunized with B7-1 transfected TAP-deficient 
RMA-S tumour cells or spleen cells from TAP1 «/- mice, generated a potent CTL 
response against both RMA-S tumour cells and TAP I -/- Con A blasts targets. In 
contrast, TAP -expressing RMA-S. TAP2 tumour cells and B6 Con A blasts were 
largely resistant to lysis by these CTL. RMA-S.B7-1 immunized mice were pro- 
tected from outgrowth of RMA-S tumour transplants, indicating that these epitopes 
associated with impaired TAP-function can serve as tumour rejection antigens in 
vivo. Surprisingly, several TAP-exprcssing tumours were also sensitive to the elic- 
ited CTL while non-tumour transformed cells were resistant It was shown that the 
CTL recognized epitopes independent of TAP-function on tumours that still have 
TAP-expression, i.e. they can have a relative but not complete impairment of TAP- 
function. The. difference in sensitivity between RMA and RMA-S.TAP2 which are 
both TAP-expressing is probably due to that RMA-S. TAP2 is a transfectant with 
TAP and hence can overexpress TAP compared to the levels in the original tumour 
RMA. 

The TAP1 -/- mice used in the experiments described have been backcrossed at least 
6 times. Hence immunization of B6 mice with the TAP I -/- cells can be regarded as 
a syngenic immunization with completely TAP-inhibited cells. From the present data 
it is easy to predict that it will possible to elicit CTL in a human host with autolo- 
gous TAP-inhibited cells. According to the data presented these CTL may be used in 
immunotherapy of both TAP-deficient and TAP-expressing tumours. These CTL 
may also be used as therapeutical agent in viral infections where TAP-function is 
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inhibited (33, 34). This study is done with cells of lymphoid origin. Preliminary data 
suggests that also a non-lymphoid cell line* the H-2Kb transfected mastocytoma 
P8 1 5 (data not shown) is killed by RMA-S.B7- 1 elicited CTL. It is under investiga- 
tion whether tumours of non-hematopoetic origin can be recognized by CTL elicited 
by TAP-inhibited hematopoetic cells, or whether TAP-inhibited cells from the tissue 
of origin for the tumour, has to be used for immunization. 

The substances according to the invention may be used against tumours, preferen- 
tially that have lost expression of TAP, but also towards TAP-expressing tumours. 
The substances may also be used against certain virus infections where TAP- 
function is inhibited by viral proteins, e.g. in Herpes Simplex virus infected cells. 

Brief description of the drawings: 

Figure legends 

Figure 1. Immunization of B6 mice with RMA-S. B7- 1 cells elicits CD8* CTL that 
recognize non-transfected RMA-S cells. (A and B) B6 mice were immunized in vivo 
and splenocytes were restimulated in vitro with RMA-S tumour cells (O) or RMA-S 
cells transfected with B7-1 (♦) and tested for cytotoxicity against RMA-S target 
cells. Two experiments are shown, panel A is representative of 4/6 experiments, 
panel B is representative of the remaining experiments. (C) CTL generated as above 
were depleted with anti-CD8 antibodies and complement (A) or anti-CD4 antibodies 
and complement (D) and tested for cytotoxicity against RMA-S target cells. One 
representative experiment out of three is shown. 

Figure 2. Recognition of epitopes by RMA-S.B7-1 elicited CTL requires the ab- 
sence of TAP-function and the presence of MHC class I molecules in the target cell. 
B6 mice were immunized in vivo and splenocytes were restimulated in vitro v\ ith 
RMA-S. B 7-1 cells and tested for cytotoxicity against (A) RMA-S (O) and RMA- 
S.TAP-2 (•), (B) Con A blasts from B6 (□), TAPI -/- (■) , p : m -/- (D), and 
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TAPl/p 2 m mice (A) and (C) T2 (V) and T2K b (▼) cells. One representative ex- 
periment out of three is shown. 

Figure 3. Immunization with TAP 1 -/- splenocytes elicits CTL that recognize 
TAP1 -/- Con A blasts and RMA-S tumour cells. B6 mice were immunized in vivo 
and splenocytes were restimulated in vitro with splenocytes from TAP I -/- mice and 
tested for cytotoxicity against RMA-S (O), B6 Con A blasts (□) and TAP I -/- Con 
A blasts (■). One representative experiment out of four is shown. 

Figure 4. Immunization of B6 mice with RMA-S. B7-] cells protects from out- 
growth of RMA-S tumour cells. B6 mice were given 10" live RMA-S tumour cells 
after immunization with PBS (0), RMA-S (O) or RMA-S.B7-I (♦). The figure rep- 
resents the accumulated data of four separate experiments (three for RMA-S B7-I) 
with 4-6 mice/immunization group in each experiment. 

Figure 5. The TAP-expressing tumour RMA expresses epitopes independent of 
TAP-function. B6 mice were immunized in vivo and splenocytes were restimulated 
in vitro with RMA-S.B7-I tumour cells and tested for cytotoxicity against (A) RMA- 
S (□), RMA (\ ), RMA-S. TAP2 (O) or B6 Con A blasts (D), (B) RMA to which 
cold B6 Con A blasts (□) or TAP1-/- Con A blasts( ) in designated ratios were 
added. 

Figure 6. Several TAP-expressing tumour cell lines are killed by CTL elicited by 
RMA-S.B7-I, while non-tumour transformed TAP-expressing cells are resistant. B6 
mice were immunized in vivo and splenocytes were restimulated in vitro with RMA- 
S.B7- 1 tumour cells and tested for cytotoxicity agamst RMA-S (□), EL-4 ( ), ALC 
(O), C4425- (D), P8I5 (V), B6 Con A blasts (■) and TAPI-A Con A blasts (♦). One 
representative experiment out of three is shown. 

Figure 7. Immunization with TAPI -A dendritic cells elicits CTL that recognize 
several TAP-expressing tumour transformed cells. B6 mice were immunized in vivo 
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with dendritic cells from TAP1 -/* mice and splenocytes were restimulated in vitro 
with splenocytes from TAP I -/- mice and tested for cytotoxicity against RMA-S 
(□X EL-4 (0). ALC (0), RMA (D), P8l5K b (A). 26ElNmyc (?) and B6 Con A 
blasts (■). One experiment of two is shown. 

Figure 8. Immunization of B6 mice with RMA-S.B7- 1 cells protects from out- 
growth of several TAP-expressing tumour cells. B6 mice were immunized with PBS 
(O) or RMA-S.B7-1 (□), or CD8-/- mice were immunized with PBS (D) or RMA- 
S.B7-I cells (O) and given in (A) 10 s RMA tumour cells, (B) 10* EL-4 tumour cells 
(C) 10 3 ALC tumour cells. The figure represents one experiments with 4-6 
mice/immunization group. 

The invention will now be described by reference to some non limiting examples 
Materials and Methods 

Mice. All mice were bred and maintained at the Microbiology and Tumour Biology 
Center, Karolinska Institute. The generation and characterization of TAP 1 -/-, p 2 - 
microglobulin ^m) and TAPl/p2m -/- mice has been described (38-40). The 
TAP1 -/- and p2m mice used in the present study have been backcrossed to B6 
(C57BL/6) at least six times. Animal care was in accordance with institutional 
guidelines. 

Cell lines. T2K b is a H-2K b (mouse MHC allele (type)) transfeUed subline of the 
TAP 1/2 deficient mutant human cell line T2 (41). All cell lines were grown in RPMI 
1640 medium (Life Technologies, Gaithersburg, MD) supplemented with penicillin- 
streptomycin and 5% FCS (Fetal Calf serum) at 37°C and 5% COj. 

Antibodies. B7-1 (RMA-S.B7-1) expression was assessed either with the CTLA-4Ig 
fusion protein (42), a kind gift from Dr P. Lane, Basel Institute for Immunology, 
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Basel, Switzerland, and a FITC (Fluorescein isothiocyanate)-conjugated anti-human 
IgG antibody (Dako, Gtostrup, Denmark), or with a biotinylated anti-B7-l mono- 
clonal antibody 1 6-1 OA I (PharMingcn, San Diego, CA) and NEUTRALITY avidin- 
FITC (Southern Biotechnology Associates Inc., Birmingham, AL). 

Cold large! competition assay. For the cold target competition assay cold 
(unlabeled) Con A blasts were incubated at different concentrations with a constant 
number of effector cells and 5 x I0 3 5t Cr-labeled target cells. 

Immunization with bone marrow derived dendritic cells. Bone marrow derived de- 
rived dendritic cells were obtained from TAP I-/- mice using the protocol of Inaba 
and colleagues (43) with the following alterations. Bone marrow cells were cultured 
in Dulbecco's modified Eagles Medium containing 10 % supernatant from the GM* 
CSF (Granulocyte Macrophage Colony Stimulating Factor secreting cell line X63 (a 
kind gift from Dr C. Watts, Univ Dundee, Dundee, UK) and 20 % FCS. The culture 
media was replaced every third day, and the cells were replated on day 7. On the 
eight day, the non-adherent cells were used for in vivo immunization. 10 5 cells were 
given intraperitoneal!^ splenocytes were restimulated 10 days after in vivo immuni- 
zation. 

Examples 

A. CD8* T ccflts can be elicited to MHC class I restricted epitopes -associated with 
impaired TAP-function. Immunization with a TAP-dcficient cell can protect against 
tumour growth in vivo. 

Example I 

RMA-S cells iransjecied with B7-1 (CD80) elicit CTL tliai recognize non-iran\Jec'ed 
RKiA-S cells. 
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B6 mice were immunized with three weekly s.c. injections of I0 7 irradiated (100 
Gray (Gy» tumour cells. Tumours used were serially passaged as ascites cell lines in 
4 Gy irradiated mice. The tumour cells were TAP-2 deficient ones, called RMA-S 
cells (derived from the Rauscher leukaemia virus-induced mouse T-cell lymphoma 
RBL-5 of B6 origin (44)), which were transfected with B7-1, i.e. 2 x 10° RMA-S 
cells were incubated with 10 ixl L1POFECTAM1NE (Life Technologies, Gaithers- 
burg, MD) and I ng of the murine B7-1 gene cloned in a pSRIneo plasmid (45), a 
gift from Bristol Meyers Inc, Seattle, to Prof Klas Kfcrre. Transfected cells were se- 
lected on GENETICIN (Life Technologies, Gaithersburg, MD) at a concentration of 
I mg/ml. The I % most positive fraction of the B7-I expressing RMA-S cells were 
sorted on a FACS VANTAGE cell sorter (Becton Dickinson, Mountain View, CA) 
and designated RMA-S. B 7-1. 

This transfection resulted in strong and reproducible lysis of non-transfected RMA-S 
targets (Fig. 1 A and B). The lysis could be abrogated by pre-treatment of effectors 
with anti-CD8 antibodies (CDS is a marker of the cell surface ofCTL) and comple- 
ment (Fig. 1 C). The complement-mediated depletion of effector populations was 
coii Jucted as folio wsr20 x 10 6 effector cells were incubated in 200 ng of ar,ti-CD8 
antibody (a mixture of 169.4 and 156.7.7 in 1 ml PBS, or 200 jig of anti-CD4 anti- 
body , YTS19J ) in 1 ml PBS for 60 min at 4°C. All antibodies were generously pro- 
vided by Dr II. Waldman, University of Cambridge, Cambridge, UK. The cells were 
washed once and incubated with rabbit complement (Pel-Freeze Biologicals, Brown 
Deer, Wl) diluted 1 :8, for 75 min in 37°C 

This demonstrates that it is possible to generate CTL against syngenic TAP-deficient 
cells. Control cell lines, YAC-1 (a Moloney virus induced T cell lymphoma of A/Sn 
background) and P815 (a Methylcholantrene induced mastocytoma of DBA/2 back- 
ground), as well as Concanavalin A (Con A) blasts from BALB/c mice were resis- 
tant to lysis by these CTL (data not shown). The generation of Con A-activatcd T- 
cell blasts was as follcws: Spleen cells were incubated for 48 h at 2 x 10 r> cells ml in 
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a-MEM medium (Life Technologies, Geithersburg, MD) supplemented with peni- 
cillin-streptomycin, 10 % FCS, 10 mM HEPES (Life Technologies, Gaithersburg, 
MD), 3 x 10 5 M 2-ME (2-Mercaptoethanol) (Sigma. St. Louis, MO) and 3 ng/ml of 
Con A (Sigma, St. Louis, MO). Before use as targets in a standard 4 h "Cr cytotox- 
icity assay, dead cells were removed by centrifugation on a LYMPI 10PREP gradient 
(Nycomed, Oslo, Norway). 

TAP-2 deficient RMA-S tumour cells were inefficient in eliciting cytotoxic re- 
sponses in B6 mice (Fig. I A and B). 

pxqmpfc ? 

CTL recognition requires the presence ofMHC class I molecules and the absence of 
TAP in the target cell. 

A TAP-2 transfectant of RMA-S (RMA-S.TAP2 cells, also referred to as RMA-S II 
5.9 cells, were derived by transfection of RMA-S with the murine TAP-2 gene (46)) 
was virtually resistant to lysis by RMA-S. B7-1 elicited CTL (Fig. 2 A) as in Exam- 
ple 1. This indicated that the epitopes were recognized preferentially in cells devoid 
of TAP expression. In line with this, Con A blasts from TAP1 mice were highly 
sensitive to lysis, whereas Con A blasts from B6 mice were resistant to lysis. Con A 
blasts from TAP I/p>m -/- (double mutant) mice were resistant to lysis, suggesting un 
MIIC class I dependence in the CTL recognition of epitopes (Fig. 2 B). 

Indeed, the human TAP-deficient cell line T2 transfected with H-2K b was sensitive 
to lysis by RMA-S.B7-I elicited CTL, while non-transfectcd T2 cells were resistant 
(Fig. 2 C). Taken together, these results indicate that at least part of the response 
elicited by RMA-S B7-1 is MIIC class I specific or restricted and directed against 
epitopes expressed preferentially, if not exclusively, by TAP-deficient cells. At least 
some of the epitopes could be recognized on both non-transformed and transformed 
lymphoid cells, and on ceMs of both human and murine origin. These epitopes will 
be referred to as epitopes associated with impaired TAP-function. 
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Example 3 

TAP! -/- sptenocytes diet! CTL that recognize TAP I Con A blasts andRMA-S 
tumour cells. 

As shown above. CTL elicited by RMA-S.B7-1 killed TAP1 -/- Con A blasts. Ac- 
cordingly, immunization of B6 mice with splenocytes from TAP I -/• mice yielded 
cytotoxic cells that efficiently lysed TAP1 Con A blasts and RMA-S tumour cells 
while B6 Con A blasts and RMA-S JAP2 were killed at markedly reduced levels 
(Fig. 3; data not shown). The killing of the TAP-deftcient cells was also seen with 
effectors from mice depleted of NK (natural killer) cells (data not shown). B6 mic: 
were immunized with two weekly s.c. injections of 50x1 0 6 irradiated (20 Gy) spleen 
cells. 

Fxflmplg 4 

Generation of primary CTL by the epitopes associated with impaired TAP-junction. 

Stimulation in vitro t without prior in vivo i minimize. on, of B6 spleen cells with 
RMA-S.B7-1 and TAP I -/- spleen cells was conducted as follows: Single cell sus- 
pensions of spleens from immunized or non-immunized mice were prepared. 20 x 
10 6 efTector^Jls were incubated with 2 x 10° irradiated tumour cells or 20 x 10 6 
irradiated spleen cells. Cultures were kept in 10 ml of RPMI 1640 medium supple- 
mented with penicillin-streptomycin, 1*0 % FCS, 3 x 10' 5 M 2-ME, I mM sodium 
pyruvate, 0, 1 mM non-essential amino acids and 2 mM L-glutaminc at 37° C and 5 
% CQ 2 for five days. 

This stimulation reproducibly resulted in cytotoxic responses against RMA-S and 
TAP1 -/- Con A blasts targets, while RMA-S.TAP2 and B6 Con A blasts wen* con- 
siderably less sensitive. The in vitro cytotoxicity assay was conducted as follows: 
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Target cells were labelled with sl Cr and resuspended in cell culture medium. 5 x 10* 
target cells were added to each well followed bv addition of effector cells. The cells 
<vere incubated for 4 h at 37°C and supematants were harvested. Radioactivity was 
measured in a Pharmacia- LKB y-counter, and specific lysis was calculated |(CPM 
(counts per minute) released with effector celts-CPM released without effector cells) 
/ (CPM released by detergent-CPM released without effector cells)] x 100. Results 
with more than 20 % spontaneous lysis were discarded 

Stimulation in vitro with non-transfected RMA-S cells yielded in some experiments 
lower levels of lysis (Table I; data not shown). The killing of RMA-S and TAP1 
Con A blast targets was abrogated by pre-treatment of effectors with anti-CD8 anti- 
body and complement (data not shown). 

Example S 

Immunization of 86 mice with RMA-S.B7-] protects against RMA~S tumour growth. 

To address whether it was possible to elicit a protective immune response against a 
TAP-dcftcient tumour cell line, we immunized B6 mice with RMA-S cells, RMA- 
S.B7-1 cells or PBS (phosphate buffered saline). After three weekly immunizations, 
mice were challenged with 10 6 live RMA-S tumour cells s.c. f a dose previously 
found to overcome the NK mediated rejection of RMA-S (41).. The in vivo tumour 
growth was as follows: B6 mice were immunized as described. One week after the 
last immunization, mice were given 10* live tumour cells s c. and growth was fol- 
lowed weekly by palpation. For each mouse, the experiment was terminated when 
the tumour reached a diameter of 20 mm. 

Eighty nine percent of the mice (17/19 mice) immunized with PBS developed pro- 
gressively growing tumours within three weeks after challenge. In contrast, only 
eight percent (1/13) of the mice immunized with RMA-S.B7-I developed tumours 
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Mice immunized with RMA-S were partially protected: Fifty five percent of the 
mice (10/18 mice) developed progressively growing tumours (Fig. 4). 
The RMA-S. B7- 1 mediated protection from tumour growth was also seen in NK LI. 
depleted mice (data not shown). 

B. Epitopes associated with impaired TAP-function is a shared tumour antigen found 
on several TAP-expressing tumours but not on non-tumour transformed cells. Im- 
munisation with a TAPnieficient crtl protects in vivo against tumour growth of 
TAP-expressing tumour cells. 

Example 6 

The TAP-expressing tumour cell RMA is recognized by CTL directed to epitopes 
associated mth impaired TAP-function 

Surprisingly, CTL elicited by RMA-S.B7-1 reproducibly killed the TAP-expressing 
parental tumour cell of RMA-S, RMA. The lysis levels were markedly higher than 
with the TAP-transfected tumour cell line RMA-S.TAP2, but still below the levels of 
lysis of the TAP-deficient cell RMA-S (Fig 5 A). As described above, no killing was 
observed of TAP-expressing B6 Con A blasts. In cold target inhibition experiments 
with Con A blasts from B6 and TAP-/- mice, the latter were more efficient in inhibit- 
ing lysis of RMA by CTL elicited by RMA-S.B7-1 (Fig SB), demonstrating that at 
least part oT the killing of RMA by these CTL was dependent on recognition of epi- . 
topes independent of TAP-function. Control experiments where hot and cold targets 
were incubated without effectors did not result in any lysis by either cold target (data 
not shown). 

Example 7 



Several TAP-expressing tumour transformed cell lines are killed by CTL elicited by 
RMA-S.B7-1 while non-transformed TAP-expressing cells are resistant. 
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A possible explanation to the observed killing of RMA is that some tumour cells 
may have a relative deficiency in TAP-function, i.e. they express suboptiinai levels 
of TAP-proteins. To investigate whether epitopes associated with impaired TAP- 
function could be a shared antigen we tested other H-2 b expressing tumour cell lines 
transformed by different agents, for killing by RMA-S.B7-1 elicited CTL. Indeed, all 
tumour cells tested, the carcinogen induced (9 t 10-dimethyl-l,2-benzanthraccne) EL- 
4 (American Type Culture Condition, Rockville, MD), the Radiation Leukaemia vi- 
rus induced ALC (generously provided by Or Wen Tao, Karolinska Institute, Swe- 
den) and 26E-lNmyc tumour cells (a gift from Dr Santiago Silva, Karolinska Insti- 
tute, Sweden) were killed by RMA-S.B7-1 elicited CTL. 26ElNmyc is a spontane- 
ous lymphoma from mice transgenic for EBNA-1 and N-myc (derived by crossing 
EBNA- 1 and N-myc transgenic mice (47, 48)). A pjin-negative variant of EL-4, as 
well as P8I5 tumour cells (a mastocytoma of a H-2 J origine obtained from American 
Type Culture Condition, Rockville, MD) were not killed by RMA-S.B7-1 elicited 

CTL (Fig 6). Of the cells described above, only H-2 d positive P8I5 and 26E- INmyc 
cells were killed by B6 CTL elicited by BaJb/c splenocytes (data not shown) show* 
ing that the tumour cells were not generally sensitive for all CTL tested. 

Example 8 M % 

TAP-dejlcienl nontransjormed cells elicit CTL that recognize several TAP- 
expressing tumour cell lines but not non-transformed cells, 

CTL from B6 mice immunized with splenocytes or cultured dendritic cells from 
TAP I -/- mice also killed RMA, ALC. 26E- INmyc, EL-4 (to lower levels), P8I5 
cells transfected with H-2K h and TAP1 -/- Con A blasts. B6 Con A blasts were not 
killed by these CTL (Fig 7). This strengthens the notion that TAP-expressing tumour 
transformed but not non-transformed cells express epitopes associated with T AP- 
deflciency. The lysis levels were lower than those observed with RMA-S.B7- 1 
which is probably due to the high levels of B7 expression on RMA-S.D7-I 
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Immunization with RMA-S.B7-1 protects from tumour growth of several TAP- 
expressing tumours. 

B6 mice were immunized with RMA-S.B7-1 or non-immunized. One week after ihe 
last immunization mice were given 10 s RMA tumour cells or 10* EL-4 tumour cells 
or 10 3 ALC tumour cells. In the immunized groups only 20 % of mice developed 
tumours while all mice in the non-immunized groups developed progressively 
growing tumours. For RMA and EL-4 the protection observed in the immunized 
mice was not seen in mice deficient of CD8, demonstrating that this protection was 
mediated by CD8' CTL (Fig 8 A-C). 
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Claims 



1. Use of substances that impair cellular peptide processing, such as inhibitors of 
TAP (transporters associated with antigen processing) or of proteasomc, for prepa- 
ration of a pharmaceutical agent or vaccine that can stop or prevent cancer growth or 
virus infection by stimulating immunological effectors, especially CDS' cells, pref- 
erably cytotoxic cells, directed against antigens associated with impaired cellular 
peptide processing, especially MHC class I dependent antigens. 

2. Use of substances according to claim 1, characterized in that the substances in- 
hibit the function and/or the expression of TAP such as TAP-inhibitors e.g. 1CP47 of 
HSV type I ( IE 12 of HSV type 2 or a gene encoding a T/ >P inhibitor or a nucleotide 
sequence that is complementary at least in part to the RNA or DNA sequences en- 
coding TAP e.g. antisense oligonucleotides or ribozyme destroying RNA. 

3. Use of substances according to claim 1, characterized in that the substances in- 
hibit the function and/or the expression of proteasomc such as proteasomc inhibitors 
e.g. peptide aldehyduZ-Leu-Leu-H or a gene encoding a proteasomc inhibitor or a 
nucleotide sequence that is complementary at least in part to the mRNA or DNA 
sequences encoding proteasome e.g. antisense oligonucleotides or ribozyme destroy- 
ing RNA. * 



4. Cells, thai.havc been treated to express antigens associated with impaired cellular 
peptide processing, especially MHC class 1 dependent antigens, to be used for pre- 
paring a pharmaceutical or vaccine against cancer or virus infections chosen from 
mammalian cells or non-mammalian cells e.g. cells with impaired cellular peptide 
processing e.g. that lack TAP and/or proteasome function and to which human MHC 
class I molecules have been transfected e.g. insect cells. 



MUPttvtochitavtflrt 
1996 -12- 1 2 

33 

5. Cells according to claim 4, characterized in that they are mammalian cells such 
as hematopoetic cells, dendritic cells, preferably autologous cells, especially cells 
from the tissue of the origin of a cancer. 

6. Lymphoid cells such as T-cells e.g. TCL, preferably CD8* T lymphocytes acti- 
vated against antigens associated with impaired cellular peptide processing, espe- 
cially MHC class I dependent antigens to be used for preparing a pharmaceutical or 
vaccine against cancer or virus infections. 

7. A process for induction of antigens associated with impaired cellular peptide 
processing, especially MHC class I dependent antigens in mammalian cells, charac- 
terized in that: 

a) the cells are treated with agents that inhibit substances that take place in the cellu- 
lar peptide processing in mammalian cells e.g. TAP-inhibiting or proteasome inhibit- 
ing agents or 

b) a sequence that codes for such an inhibiting agent is introduced into the ONA of 
the cell or 

c) a nucleotide sequrticc that is complementary at least in part to the mRNA or DNA 
sequences encoding a substance that takes place in the cellular peptide processing in 
mammalian cells e.g. TAP or proteasome is introduced into the DNA of the cell or 

d) the cells are treated with an appropriate ribozyme and 

e) when non-mammalian cells are used, transfection thereof with human MHC class 
I molecuIe?~and~ 

0 the cells may be irradiated with an appropriate dose with e.g. y-irradiation from 
e.g. Cs" 7 . 

8. A kit, for use in a process for induction especially of MHC class I dependent anti- 
gens associated with impaired cellular peptide processing in cells, characterized in 
that it comprises an active dose of a substance that induces MHC class I dependent 
antigens associated with impaired cellular peptide processing, such as an inhibitor of 
TAP or of proteasome or a nucleotide sequence that is complementary at lca>t in part 
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to the mRNA or DNA sequences encoding proteasome or TAP e.g. antisense nu- 
cleotides or ribozyme. 

9. Kit according to claim 8, further comprising appropriate adjuvants, such as e.g. 
cytokines and genes for costimulatory molecules, gold beads and liposomes. 

10. A pharmaceutical composition or a vaccine comprising a pharmaceutical^ ef- 
fective dose of a substance that induces MHC class I dependent antigens associated 
with impaired cellular peptide processing such as an inhibitor of TAP or of protea- 
some or a gene encoding a proteasome or a TAP inhibitor or a nucleotide sequence 
that is complementary at least in part to the mRNA or DNA sequences encoding 
proteasome or TAP e.g. antisense nucleotides or ribozyme together with a pharma- 
ceutically acceptable adjuvant, e.g. cytokines and costimulatory molecules. 
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Attract 



The present invention relates to use of substances that can induce expression of 
MHC class I dependent antigens associated with impaired cellular peptide process- 
ing for preparation of pharmaceuticals, pharmaceutical compositions or vaccines* 
that stimulate specific T cell mediated immune responses against cancer and virus 
infected cells. It also relates to mammalian cells that have been manipulated to ex* 
press MHC class I dependent antigens associated with impaired cellular peptide 
processing and to lymphoid cells activated against such MHC class I dependent 
structures for the same purpose. Furthermore, processes for such manipulation of 
mammalian cells and kits tor use in such manipulations are covered. According to 
the present invention, the ultimate purpose of the products or processes above is the 
treatment of cancers and virus infections. 
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